The purpose of our study was to analyze the clinical value of glycosylated hemoglobin Alc (HbA1c) levels in postmenopausal women with acute coronary syndrome (ACS) and diabetes following percutaneous coronary intervention (PCI).
Background
Cardiovascular disease is the leading cause of death worldwide, with coronary artery disease (CAD) accounting for the largest proportion of these deaths [1] [2] [3] . Diabetes mellitus (DM) is a major risk factor for CAD, and patients with DM have worse outcomes after acute coronary syndrome (ACS) [4, 5] . Moreover, DM appears to have an even greater influence on cardiovascular disease risk in women than in men, especially for postmenopausal women, due to decreasing estrogen level [6, 7] . Although the development of treatment has brought benefits to ACS patients in recent decades, the long-term prognosis of ACS following percutaneous coronary intervention (PCI) remains unsatisfactory, mainly due to in-stent restenosis or thrombosis [8] [9] [10] [11] . When DM is coexisting, ACS in postmenopausal patients is characterized by diffuse and erosive lesions in small vasculature, with greater risk of in-stent restenosis or thrombosis after PCI [12, 13] . Therefore, identification of adverse risk factors of PCI, stratification of the patients according to risk level, and early intensive treatment are crucial for improving clinical efficacy of PCI in postmenopausal ACS patients with comorbid DM.
The higher rates of restenosis after stent implantation in DM patients might be partly caused by aggressive neointimal proliferation in the setting of hyperinsulinemic and hyperglycemic status [14] . Therefore, optimal glycemic control may decrease the incidence of adverse complications after PCI. Glycosylated hemoglobin (HbA1c) is an indicator of mean serum glucose levels over the preceding 2 to 3 months, which also is significantly associated with progression of coronary narrowing in postmenopausal women with DM [15] [16] [17] . However, the significance of HbA1c level in prediction of outcome of PCI in postmenopausal ACS patients with comorbid DM has not been fully elucidated. Hence, in this study, we assessed the predictive value of HbA1c in severity of coronary lesion and prognosis evaluation for postmenopausal DM patients who underwent PCI for ACS
Material and Methods

Patients
This was a post hoc analysis of a prospective registry, performed according to the principles of the Declaration of Helsinki and corresponding guidelines, and was approved by the Institutional Review Board of the Zhong Shan Hospital of Sun Yat-sen University (No. C20160321). All subjects were signed a written informed consent. We enrolled 156 consecutive postmenopausal patients presenting with ACS and DM, undergoing PCI between January 2016 and July 2017 at the Zhong Shan Hospital of Sun Yat-sen University. The inclusion criteria were ACS with a comorbidity of DM on admission. The ACS was diagnosed according to European Society of Cardiology guidelines in 2015 [18] , including ST-segment elevation myocardial infarction, none-ST-segment elevation myocardial infarction, and unstable angina pectoris, while the diagnosis of comorbid DM was based on the Standards of Medical Care in Diabetes in 2016 [19] . The exclusion criteria included previous coronary artery bypass grafting, organic heart disease (e.g., heart failure, cardiomyopathy, and valvulopathy), abnormal liver and kidney functions, poor compliance to long-term antiplatelet and anticoagulant treatments, and unavailable and unreliable clinical and laboratory data. Patients with acute and severe preoperative infection or who had comorbidity of malignant conditions were also excluded. Patients who underwent only old plain balloon angioplasty (POBA) or coronary angiography without stent deployment were excluded. All PCIs with drug-eluting stent were performed according to the standard approach, and in the setting of Thrombolysis in Myocardial Infarction Flow (TIMI) grade 3 and residual stenosis less than 10%, PCI procedural was considered successful. The perioperative and postoperative appropriate treatments and management were administrated at the discretion of the attending cardiologist. Demographic, clinical, and laboratory data of all patients were collected from the hospital information system, including demographic, laboratory test, and PCI-related data. SYNTAX score was calculated according to the corresponding American revascularization guidelines [20] .
Laboratory analysis
Sterile peripheral venous blood specimens were collected from each patient after 10-h overnight fasting. Serum HbA1c level was measured according to immunoturbidimetric methods using a SIEMENS 1650 analyzer (Siemens Medical, Tarrytown, USA). Routine laboratory tests of lipids, glucose level, and hepatic and renal functions were performed using the standardized methods at Zhong Shan Hospital. Left ventricular ejection fractions (LVEF) and left atrial diameter (LAD) were evaluated by echocardiography prior to PCI.
Follow-up and clinical evaluation
All patients were regularly followed up at 1-month intervals after discharge. Follow-up data was obtained by telephone communication or face-to-face clinic visiting with the patients or their family members. A well-trained research cardiologist in our team conducted the follow-up examinations according to a structured protocol. The primary endpoint of interest was assessed as 12-month major adverse cardiovascular events (MACEs). MACE included non-fatal myocardial infarction, cardiovascular death, and revascularization procedures. Revascularization of the target vessel was considered to be necessary if there was evidence of ischemia and angina. If the 9400 patients did not have angina symptoms, a functional stress test was performed during a clinic visit to reveal silent ischemia. Repeat PCI was performed for recurrent symptoms or objective evidence of ischemia with provocative testing. According to the glycemic control assessed by HbA1c levels before PCI, patients with a HbA1c level £7% were defined as "well-controlled", whereas HbA1c >7% was defined as "poorly-controlled.
Statistical analysis
Statistical analyses were performed using SPSS 20.0 (IBM, USA). P<0.05 (2-sided) was considered as statistically significant. Normally-distributed data were evaluated by KolmogorovSmirnov test. Continuous variables are expressed as mean ±SD and were compared using ANOVA, whereas comparisons of categorical variables were conducted by using chi-square or Fisher's exact test presented as frequencies and percentages. The univariate analyses of association of clinical variables with MACEs were conducted using the log-rank test, and an eventfree survival curve was drawn based on the Kaplan-Meier method. Cox multivariate analysis was used to evaluate the independent predictors of MACEs.
Results
Baseline characteristics
Baseline characteristics of 173 postmenopausal patients with DM and ACS enrolled in this study are shown in Table 1 . There were 101 (58.4%) poorly-controlled and 72 (41.6%) well-controlled diabetic patients, with average age 58.7±8.6 years. Patients in the well-controlled group had significantly lower levels of TC, TG, and HbA1c (all p<0.05, Table 1 ) as compared to the poorly-controlled group. Furthermore, patients in the well-controlled group had lower SYNTAX scores and higher LVEF than that of the poorly-controlled group (all p<0.05, Table 1 ). There were no significant differences between the well-controlled and poorly-controlled group regarding the other clinical, laboratory, and PCI-related variables (Table 1) .
Clinical outcomes following PCI
The 12-month outcomes after PCI are summarized in Table 2 . During the 12-month follow-up of all 173 patients, there were 29 (16.8%) MACEs, which included 17 (9.8%) TVRs, 8 (4.6%) non-fatal MIs, and 4 (2.3%) cardiac-related mortalities. Patients in the well-controlled group had significantly lower MACEs incidence than in the poorly-controlled group (10.8% vs. 21.8%, p=0.04, Table 2 ), of which TVR was a main contributor (2.8% vs. 14.9%, p<0.01, Table 2 ). Figure 1 shows the Kaplan-Meier curve for MACEs-free survival according to glycemic control assessed by HbA1c levels, and there was a significant difference between groups (P=0.04, Figure 1 ). No significant difference was observed between groups regarding cardiac mortality and non-fatal MI.
Predictive significance of HbA1c level for MACE
In univariate analyses, we found that HbA1c >7% was significantly associated to MACEs risks following PCI (HR, 1.61; 95% CI: 1.18-3.65; p=0.01, Table 3 ). After adjustment for potential confounding factors, poor glycemic control (HbA1c >7%) was also an independent predictive indictor of MACEs (HR, 2.17; 95%CI, 1.13-5.65; p<0.01, 
Discussion
Diabetes mellitus is a significant risk predictor for subsequent cardiovascular events and specific mortality in patients with ACS following PCI, especially for postmenopausal women [13, 21, 22] . In the present study, we found that glycemic control was significantly associated with 12-month clinical outcomes in postmenopausal diabetic patients undergoing PCI with stenting. We also showed that postmenopausal diabetic patients with poor glycemic control are at higher risk of developing MACEs compared to those with good glycemic control. Furthermore, the higher MACEs incidence in the poorly-controlled diabetes group was mainly due to the higher rate of TVR. The results of our study suggest that glycemic control reflected by HbA1c level can be used as an independent predictor for clinical outcome in postmenopausal patients with DM and ACS following PCI with stenting.
Diabetic patients are generally characterized by hyperglycemia, hyperinsulinemia, abnormal platelet function, and insulin resistance, which may chronically promote vascular neointimal hyperplasia after stent placement, thereby resulting in development of in-stent restenosis following interventional treatment with stent implantation [23] [24] [25] [26] . The results of this study showed that the high rate of TVR is a main contributor to high MACEs incidence in diabetic patients after PCI with stent implanting, and this is confirmed by the significant association between in-stent restenosis risk and DM. Chronic hyperglycemia induces vascular endothelial cell injured, and further causes vasomotor dysfunction, with increased extracellular matrix formation and aggressive cellular proliferation [27] . Hyperinsulinemia has been considered a predisposing factor of stent restenosis, which mainly results from the atherogenic effect of the exogenously administered insulin in diabetic patients [28, 29] . Insulin resistance promotes the progression of 9401 coronary atherosclerotic plaques and endothelial dysfunction, which also is associated with traditional risk factors of ACS, such as serum levels of cholesterol or triglycerides, hypertension, and obesity [30, 31] . Plasma HbA1c level is a routine indictor reflecting mean plasma glucose levels over the preceding 8 to 12 weeks [15] . It has been revealed that high HbA1c levels are significantly associated with hyperglycemia, dyslipidemia, hypercoagulability, and insulin resistance, which also are confirmed as risk factors of ACS [32, 33] . Several studies showed that HbA1c £7% was a cutoff level of optimal glycemic control in diabetic patients [34, 35] . Therefore, in the present study, we used 7% as the optimal cutoff level of HbA1c, reflecting glycemic control. DM -diabetes mellitus; BMI -body mass index; OHA -oral hypoglycemic agent; ACEIs -angiotensin converting enzyme inhibitors; ARBs -angiotensin receptor blockers; LDL-C -low-density lipoprotein cholesterol; HDL-C -high-density lipoprotein cholesterol; FPG -fasting plasma glucose; TC -total cholesterol; TG -triglycerides; Cr -creatinine; LVEF -left ventricular ejection fractions; LAD -left atrial diameter.
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Well-control DM (n=72) Menopause is an independent predictor of subsequent cardiovascular events and mortality, with postmenopausal women having higher risk [36, 37] . We similarly found that age at menopause of patients was significantly associated with the risk of MACEs. The underlying mechanism appears to be accelerating cardiovascular aging, loss of the vascular protective effect of estrogen, and the classical cardiovascular risk factors such as dyslipidemia and metabolic dysfunction resulting from decreasing estrogen levels [38, 39] . The Women's Angiographic and Vitamin and Estrogen (WAVE) trial showed that the presence of clinical DM and higher baseline HbA1c levels were associated with significantly larger reductions in minimum luminal diameter and average luminal diameter of coronary vessels over a mean follow-up of nearly 3 years [40] . In the present study, we found that HbA1c >7% was significantly associated with 12-month events-free survival in postmenopausal diabetic patients after PCI, which was consistent with the WAVE trial.
SYNTAX score is an angiographic grading tool that does not consider clinical factors, which can reflect the complexity and severity of coronary lesions [41] . Several validation studies had proved SYNTAX score to be an independent predictor of outcome after PCI [42, 43] , which is consistent with results of our study. Moreover, we found that patients in the well-controlled diabetes group had significantly lower mean SYNTAX scores than that of the poorly-controlled group, suggesting worsening metabolic disturbance and severe coronary lesions in diabetic patients with poor glycemic control. Furthermore, we found that a high HbA1c level was significantly associated with a low level of LVEF, indicating decreased cardiac function and adverse clinical outcome, which is consistence with a previous study [44] . We also analyzed the predictive significance of HbA1c level for MACEs in multivariable COX analysis enrolling all confounders, and further confirmed that high HbA1c level is an independent risk factor of post-PCI MACEs.
There were several potential limitations in this study. The single-center design and short follow-up duration may have influenced the generalization of results, so the implications of this study are limited. A large, multi-center, prospective study should be conducted to confirm our findings. Moreover, the cutoff level of HbA1c was based on a standard value from previous studies, and further meta-analyses should evaluate the optimal cutoff level of HbA1c for predicting clinical outcome after PCI. Finally, the results of this study should be interpreted cautiously due to its small sample size.
Conclusions
Our results demonstrate that postmenopausal diabetic patients with good glycemic control, as indicated by serum HbA1c levels ≤7%, have lower risk of restenosis and a better clinical outcome after coronary artery stenting during 12-month follow-up.
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